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WAVE ROTOR BASED POWER AND PROPULSION 


GENERATION FOR A MARINE VESSEL 


BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to power generation systems for marine vessels, 
and more specifically, to an invention capable of combining a fuel cell and a wave 
rotor into a hybrid power and propulsion generation system for an underwater vessel. 

Prior Art 

Vehicles that operate underwater are useful for performing tasks below the sea 
surface in such fields as deep-water salvage operations, navy and marine operations, 
imderwater telecommimications, offshore petroleum and mining, and oceanographic 
research. Many of these applications are completed by small-scale underwater 
vehicles that can be either manned or unmanned (remotely operated). The unmanned 
vehicles are commonly known as Unmanned Underwater Vehicles (UUVs). 

Generally, these small-scale imderwater vessels have used conventional power 
systems. These conventional power/propulsion generation systems for underwater 
vessels have been limited to electrochemical systems, such as batteries or fuel cells, 
which have provided low speed operation of the underwater vessels. Current 
power/propulsion technology for underwater vessels do not have the capacity to 
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provide the sustained high power required by the next generation of underwater 
vehicles. 

For example, power in a manned or unmanned vmderwater vessel typically 
comes from an on-board power supply such as a battery. Because this on-board power 
5 supply has a limited propulsion capacity, tasks requiring a quick getaway in which a 
vehicle needs a sustained high velocity escape from an undesirable situation (i.e. 
encoimter with the enemy), are not attainable using the conventional power/propulsion 
generation systems. 

Traditional marine propulsion systems generally include an energy source, 
10 such as a battery or AC generator, a power conversion means for converting the 
current output of the energy source, an electric motor, a coupling system for 
transferring the motor output, which includes shafts, bearings and linkages, a 
propulsor for imparting thrust to the vehicle, and a cooling system for removing waste 
heat from the assembly. The cooling system typically includes a circulation pump, a 
1 S heat exchanger and piping. 

Examples of such conventional propulsion systems can be found in U.S. Patent 
No. 5,702,273 and U.S. Patent No. 4,424,042. These patents provide propulsion 
systems for underwater vehicles. However, these propulsion systems are powered by 
A.C. power sources and conventional battery systems, and such conventional 
20 propulsion systems do not provide for a sustained high power when the marine vessels 
require a high speed in certain situations. 
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SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to provide a marine vessel 
capable of providing both power for low-speed, stealthy operations, and a high-power 
option when high speed is required. 
5 Accordingly, an apparatus for a hybrid power generation system that provides 

for a high power in marine vessels is provided. The apparatus for a hybrid power 
generation system comprises a fuel cell for powering the marine vessel when a low 
speed is required by the marine vessel, and a wave rotor for powering the marine 
vessel in combination with the fuel cell when a high speed is required by the marine 

10 vessel. Oxygen is injected from an oxygen supply to the wave rotor, and hydrogen is 
injected from a hydrogen supply to the wave rotor, to initiate a combustion reaction 
between the oxygen and the hydrogen when the high speed is required by the marine 
vessel. An advantage of the wave rotor technology in comparison to standard 
combustion systems is that the heat load on the system is not continuous, reducing the 

1 5 cooling requirements. 

The hybrid power generation system further comprises high temperature high 
pressure steam formed by the combustion reaction, which is ducted from the wave 
rotor to a steam turbine, where it is expanded to rotate a shaft of the turbine. The 
rotating shaft is used to generate electricity for a motor drive of the marine vessel in 

20 one embodiment. The rotating shaft is used to turn gear sets of a gear and clutch 
system of the marine vessel in a separate embodiment. High temperature low pressure 
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steam generated by the steam turbine is ducted into a condenser, which is used to 
condense the steam into liquid water, which is then stored in an onboard tank. 

The fuel cell can be a regenerative fiiel cell The fuel cell is used for powering 
the motor of the marine vessel when the marine vessel requires a low speed. The by- 
5 product of the fuel cell is water, which is stored in an onboard tank. The fuel cell and 
the wave rotor are simultaneously used for powering the motor of the marine vessel 
when the marine vessel requires a high speed. 

The marine vessel can be an xmderwater vessel, which can be either manned or 
unmanned. The fuel cell uses the hydrogen supply and oxygen supply to produce 

10 electricity to power the motor of the marine vessel. Using electricity supplied by an 
outside power supply, the regenerative fuel cell can reduce the water stored in the 
onboard tank back into hydrogen and oxygen, which is stored back into the hydrogen 
supply and the oxygen supply, respectively. 

Further, a hybrid power generation method for a marine vessel is provided 

15 comprising powering a motor of the marine vessel by a fuel cell when a low speed is 
required by the marine vessel, and powering a motor of the marine vessel by a wave 
rotor in combination with the fuel cell when a high speed is required by the marine 
vessel. The step of powering the motor of the marine vessel when a high speed is 
required further comprises injecting oxygen into the wave rotor, and then injecting 

20 hydrogen into the wave rotor, thereby initiating a combustion reaction between the 
oxygen and the hydrogen. 
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The above and other features of the invention, including various novel details 
of construction and combinations of parts, will now be more particularly described 
with reference to the accompanying drawings and pointed out in the claims. It will be 
understood that the particular device embodying the invention is shown by way of 
5 illustration only and not as a limitation of the invention. The principles and features of 
this invention may be employed in various and numerous embodiments without 
departing from the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 These and other features, aspects, and advantages of the apparatus and methods 

of the present invention will become better understood with regard to the following 
description, appended claims, and accompanying drawing where: 

Figure 1 illustrates a schematic representation of a first embodiment of a 
system for carrying out an implementation of the present invention. 

15 Figure 2 illustrates a schematic representation of a second embodiment of a 

system for carrying out an implementation of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Although this invention is applicable to numerous and various types of power 
20 generation and propulsion systems for marine vessels, it has been found particularly 
useful in the environment of power generation systems for small-scale underwater 
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vessels and UUVs. Therefore, without Umiting the applicabiHty of the invention to 
underwater vessels, the invention will be described in such environment. 

With reference to Fig. 1, there is a schematic representation of a closed loop 
power/propulsion generation system for an underwater vehicle. Hydrogen is stored in 
5 a hydrogen tank 102 and oxygen is stored in an oxygen tank 103. The hydrogen tank 
102 and the oxygen tank 103 are in fluid communication with a fuel cell 100. 
Seawater 106 is de-ionized through a de-ionizer 107 and stored in a water tank 105. 
The hydrogen and oxygen gases stored in the hydrogen tank 102 and the oxygen tank 
103, respectively, are the reactants for the regenerative fuel cell 100 that produces 
10 electricity and water as a by-product. The electricity is provided to a DC bus 109, and 
the water by-product is stored in the water tank 105 for later conversion back into H2 
and02. 

The stored water in the water tank 105 can be converted back into H2 and O2 
by running the regenerative fuel cell 100 as an electrolysis system, which would 

15 require electrical power be fed by an outside or overboard power supply 1 12. If an 
external power source such as the overboard power supply 112 is used to feed 
electricity back into the fuel cell 100, the fuel cell 100 would reduce the water from 
the water tank 105 back into H2 and O2. Thus, this is a regenerative system, in which 
an extemal power source is used to re-charge the regenerative fuel cell 100. 

20 The wave rotor 101 is composed of a combined wave rotor and combustor. 

The wave rotor/combustor 101 utilizes cyclic transient gas dynamic processes to top 
the engine's basic cycle through the use of shock waves, expansion waves and hot to 
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cold working fluid interfaces. Oxygen is injected from the oxygen tank 103 into the 
wave rotor portion of the wave rotor/combustor 101, which isentropically compresses 
the oxygen and increases the temperature and pressxire until the oxygen obtains 
supersonic velocities. Hydrogen is then injected from the hydrogen tank 102 into the 
5 wave rotor/combustor 101 and a combustion reaction is initiated, forming high 
temperature high pressure steam. An appropriate control system is used to regulate 
the amount of oxygen and hydrogen to be injected into the wave rotor 101. Water 
from the water tank 105 can be used to cool the wave rotor 101 if necessary. 

The high temperature high pressxire steam generated by the wave 

10 rotor/combustor 101 is ducted to a steam turbine 104, which expands the high 
temperature high pressure steam to generate power. The shaft of the turbine 104 is 
connected to a generator 110 that is directly connected to a motor drive 111. The 
generator can also be connected to the DC bus 109. In the present embodiment, the 
electrical power from the generator 1 10 is sent directly to the motor drive 111, which 

15 drives the propulsion system 113. High temperature low pressure steam exiting the 
steam turbine 104 is ducted to a condenser 108, which is used to condense the steam 
into liquid water, which is stored in the water tank 105. The cooling fluid used by the 
condenser 108 could be seawater, which is nearly in infinite supply for an underwater 
vessel. 

20 The process of compressing the oxygen in the wave rotor 101 requires that 

work be performed on the gas. However, this work is less than the work output from 
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the steam turbine 104. The net result is that the closed loop power/propulsion 
generation system 115 generates work. 

This system is more efficient than standard combustion reaction systems, thus 
providing a more efficient power/propulsion generation system. The coupling of the 
5 regenerative fuel cell 100 and the wave rotor/combustor 101 provides for nominal 
steady state power when nominal power is required, by using the power in the fuel cell 
100, and provides for instantaneous high power when a high power is required, by 
using the hybrid power of the wave rotor/combustor 101 and fuel cell 100. 

The fuel cell 100 can operate independently of the wave rotor/combustor 101 

1 0 or simultaneously with the wave rotor/combustor 101. The fuel cell 1 00 is used by the 
underwater vessel for operational modes requiring low power and the wave 
rotor/combustor 101 is used by the underwater vessel for operational modes requiring 
high power. The fuel cell 100 continues to operate at all times to provide the basic 
minimum power required by the imderwater vessel. 

15 When the underwater vessel requires a low power, then electrical power is 

provided to the motor drive 1 1 1 by DC bus 109. When the underwater vessel requires 
a high power, then the fuel cell 100 will operate at its maximimi power and the wave 
rotor/combustor 101 will supplement the fuel cell 100 during high power operation. 
Electrical power is provided by both the generator 1 10, and the DC bus 109, to the 

20 motor drive 1 1 1 when a high speed is required. The appropriate amoimts of oxygen 
and hydrogen are injected into the wave rotor/combustor 101 from the hydrogen 
supply 102 and the oxygen supply 103 accordingly. 
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A second embodiment of the present invention is provided in Fig. 2. This 
embodiment is similar to the first embodiment, except that propulsion at high speed is 
derived from a direct-drive system. The shaft of the turbine 104 is connected to a gear 
and clutch system 114. At low speeds, the motor drive 111 drives the propulsion 
5 system 113. When a high speed is required, then the gear and clutch system is 
engaged and the turbine shaft of the turbine 104 turns the gear sets and the propulsion 
system 113. 

The above descriptions of the present invention are only two of the 
embodiments of the invention. Various other combinations of marine vessels are also 
1 0 possible, in which the marine vessel can be either manned or unmanned. 

The present invention provides several advantages that solves the problems 
with prior art methods. It provides nominal steady power when the marine vessel 
requires a low speed, or a high power when the marine vessel requires a high speed, 
without exhausting the battery, by using the fuel cell when a low speed is required, 
15 and initiating a combustion reaction with the wave rotor when a high speed is 
required. 

While there has been shown and described what is considered to be preferred 
embodiments of the invention, it will, of course, be understood that various 
modifications and changes in form or detail could readily be made without departing 
20 fi-om the spirit of the invention. It is therefore intended that the invention be not 
limited to the exact forms described and illustrated, but should be constructed to cover 
all modifications that may fall within the scope of the appended claims. 
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